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(54) Method of manufacturing a semiconductor wafer comprising a dopant evaporation 
preventive film on one main surface and an epitaxial layer on the other main surface 



(57) There is disclosed a method of manufacturing 
a semiconductor wnicr which has a dopant evaporation 
preventive film formed on one of main surfaces thereof, 
wherein a film serving hs the dopant evaporation pre- 
ventive film 2 is formed on the one of the main surfaces 
by a plasma CVD method There is also disclosed a 



method of manufacturing a semiconductor wafer having 
a plasma CVD film 5 on one of main surfaces, wherein 
the plasma CVD film 5 is formed on the one of the main 
surfaces of the semiconductor wafer 4 so that a stress 
between the plasma CVD film 5 and the semiconductor 
wafer 4 falls in a range of 1 X10 8 - 1 X10 9 dyne/cm 2 . 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 5 

This invention relates to a method of manufacturing 
a semiconductor wafer and a semiconductor wafer man- 
ufactured by the method, and particularly to a method 
of manufacturing a semiconductor wafer having a film 10 
formed through plasma chemical vapor deposition 
(hereinafter referred to as plasma C VD) and a semicon- 
ductor wafer manufactured by the method. Further, the 
present invention relates to a semiconductor epitaxial 
wafer, or a semiconductor wafer on which an epitaxial is 
layer is grown, and a method of manufacturing the 
same. 

Description of the Related Art: 

20 

In an epitaxial growth process wherein a thin 
monocrystalline silicon film is grown on a silicon wafer 
in gas phase, the silicon wafer is usually exposed to a 
high temperature of not less than 1000°C. During this 
process, a dopant evaporated from the silicon wafer is 25 
incorporated into a growing epitaxial layer through a gas 
phase. This phenomenon is typically termed autodop- 
ing. When autodoping is prominent, an epitaxial layer 
having a desired resistivity cannot be obtained. Conse- 
quently, a semiconductor element having this epitaxial 30 
layer becomes defective due to a failure to exhibit de- 
signed characteristics. 

Autodoping becomes prominent when the resistiv- 
ity of a silicon wafer is relatively low. Therefore, accord- 
ing to a generally employed method, when an epitaxial 35 
layer is lormed on a wafer having a relatively low resis- 
tivity, a silicon oxide film (hereinafter abbreviated to an 
"oxide film"), serving as a film that prevents autodoping 
(a dopant evaporation preventive film), is formed on one 
of the main surfaces of a silicon wafer (hereinafter re- 40 
ferred to as a "back surface") on which no epitaxial layer 
is grown. 

A conventionally used oxide film to be formed on 
the back surface is: 

45 

1) an atmospheric pressure chemical vapor depo- 
sition (atmospheric pressure CVD) oxide film grown 
in an atmospheric pressure CVD system, or 

2) a thermal oxide film grown through oxidation 
within a heat treatment furnace. so 

However, either of the oxide films causes a relative- 
ly large stress to a silicon wafer, resulting in a potential 
warpage of the silicon wafer or crystal defects in the sil- 
icon wafer. Furthermore, in the case of a thermal oxide ss 
film, since a dopant doped in a silicon wafer is incorpo- 
rated into the thermal oxide film during the formation of 
the thermal oxide film, autodoping occurs due to dopant 
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being released from the thermal oxide film during a sub- 
sequent epitaxial growth process. Therefore, the ther- 
mal oxide film fails to properly function as a film that pre- 
vents autodoping. 

In addition, when either of the oxide films is formed, 
the oxide film is formed not only on the back surface of 
a silicon wafer but also on the other main surface (here- 
inafter referred to as a "front surface") on which an epi- 
taxial layer is grown. Accordingly, after completion of a 
process of forming the oxide film, the oxide film formed 
on the front surface must be removed. 

An oxide film formed on the front surface is gener- 
ally removed by polishing. However, since the polishing 
speed of an oxide film is much slower than the polishing 
speed of a silicon, it takes a very long time to polish off 
a thermal oxide film which covers the entire front surface 
of a silicon wafer. Furthermore, uneven polishing is very 
likely to occur, resulting in a decreased degree of flat- 
ness of the silicon wafer. In the case of an atmospheric 
pressure CVD oxide film, which is formed partially ex- 
tending onto the front surface, polishing off such an ex- 
cess portion of the oxide film also causes the degree of 
the flatness of a silicon wafer to decrease. 

In order to avoid these problems, etching off an ox- 
ide film only from the front surface while protecting an 
oxide film on the back surface may be performed. Alter- 
natively, an oxide film may be removed from the front 
surface by surface grinding, and then the front surface 
may be polished. 

However, these methods require an additional proc- 
ess, resulting in an increased cost of manufacture. 

Along with a recent tendency to increase the degree 
of integration and precision of semiconductor devices, 
there has been an increasing demand for silicon wafers 
having a diameter of not less than 200 mm. When an 
epitaxial layer is to be grown on a silicon wafer having 
a large diameter of not less than 200 mm, a low temper- 
ature epitaxial growth process is applied in order to ob- 
tain a uniform thickness and a uniform resistivity distri- 
bution in an epitaxial layer, to reduce a transition width 
(the width of a region which is located in the vicinity of 
the boundary between an epitaxial layer and a silicon 
wafer, each having a different dopant concentration, and 
in which a dopant concentration transits), to reduce con- 
tamination with metal atoms, etc. In order to obtain such 
a quality, a wafer subjected to a low temperature epitax- 
ial growth process is required to further improve its de- 
gree of flatness and reduce its warpage as compared 
with a wafer to be subjected to a conventional high tem- 
perature epitaxial growth process. 

However, as mentioned previously, when an atmos- 
pheric pressure CVD oxide film or a thermal oxide film 
is used as a protective film formed on the back surface 
of a silicon wafer, the degree of flatness of a front surface 
deteriorates, and a relatively large stress acts on the sil- 
icon wafer, resulting in an increased warpage of the sil- 
icon wafer. This effect is particularly noticeable with a 
silicon wafer having a large diameter. Therefore, there 
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arises a problem when such a wafer is subjected to a 
photolithographic process, which strictly requires a high 
degree of flatness. Further, too large a stress causes 
crystal defects in a wafer. 

A layer formed on the back surface of a silicon wafer 
is also utilized as a gettering layer for gettering heavy 
metal and the like. 

Gettering is a technique for collecting impurities, 
such as heavy metal, which are generated in the course 
of manufacturing semiconductor devices from a silicon 
wafer, to outside of a device region on the front surface 
of a silicon wafer, thereby preventing device character- 
istics from degradation. 

According to a typical gettering method, polycrys- 
talline silicone is deposited on the back surface of a sil- 
icon wafer to form a gettering layer In order to deposit 
polycrystalline silicone so as to torm a gettering layer, a 
low pressure CVD method is usually carried out. How- 
ever, the growth of polycrystalline silicon causes stress 
to act on a wafer, resulting in a larger warpage of the 
wafer as compared with n wafei having no polycrystal- 
line silicon layer. Also the warpage of a wafer increases 
when the diameter of the wnfer increases if a polycrys- 
talline silicon layer is grown in a same condition. 

Also, as a wafer having a oolycrystalline silicon lay- 
er is subjected to hoat treatment in the course of the 
fabrication of devices the polycrystalline silicon is grad- 
ually crystallized into monocrystai. resulting in a less 
gettering capability 

A silicon wafer utilized from manufacturing semi- 
conductor devices is required to have and maintain a 
gettering capability during the manufacture of semicon- 
ductor devices. In this connection, there is a problem 
that the warpage of a wafer increases with the diameter 
of the wafer. 

In order to improve a gettering capability, in a silicon 
wafer having a polycrystalline silicon layer as a gettering 
layer on the back surface thereof, a stress acting on the 
wafer must be increased. Therefore, an improvement in 
the gettering capability and a reduction in stress, i.e. a 
reduction in warpage, cannot be achieved simultane- 
ously. Furthermore, as heat treatment progresses dur- 
ing the manufacture of semiconductor devices, a poly- 
crystalline silicon layer is gradually crystallized into 
monocrystai, resulting in difficulty in maintaining the get- 
tering capability. 

When an epitaxial layer is to be formed on a silicon 
wafer having a low dopant concentration, formation of 
a gettering layer on the back surface of the wafer is suf- 
ficient because there is no problem of autodoping. How- 
ever, when a silicon wafer having a high dopant concen- 
tration is used, a protective film which has both a get- 
tering capability and an autodoping preventive capabil- 
ity must be formed on the back surface of the wafer. 

However, when a polycrystalline silicon layer is 
formed on a back surface of a silicon wafer having a 
high dopant concentration, a gettering effect is obtained, 
but an autodoping preventive capability is not obtained, 



since a dopant released from the silicon wafer readily 
diffuses throuyh the polycrystalline silicon layer. 

When an atmospheric pressure CVD oxide film is 
formed on a silicon wafer, an effect that prevents auto- 
5 doping is obtained, and a gettering effect is also ob- 
tained since a stress acts between the silicon wafer and 
the oxide film. However, due to difficulty in controlling 
the stress, the warpage of the silicon wafer tends to be 
increased. 

10 

SUMMARY OF THE INVENTION 

This invention has been accomplished in view of the 
above-mentioned problems, and it is an object of the 

is present invention to provide an improved semiconduc- 
tor wafer having an autodoping preventive film, in which 
even when the semiconductor wafer has a large diam- 
eter of not less than 200 mm, the stress acting to the 
wafer and resultant warpage of the wafer can be de- 

20 creased while maintaining a uniform thickness distribu- 
tion, a uniform resistivity distribution and a narrow tran- 
sition width of an epitaxial layer grown on the semicon- 
ductor wafer, and in which the front surface of the sem- 
iconductor wafer can have an excellent degree of flat- 

25 ness without requiring an extra process such as a proc- 
ess of etching off an oxide film from the front surface. 

Another object of the present invention is to provide 
a semiconductor wafer which has an excellently persist- 
ent gettering capability, an autodoping preventive capa- 

30 bility and a small stress acting thereon with a resultant 
small warpage thereof. 

A further object of the present invention is to provide 
a semiconductor epitaxial wafer comprising the above- 
described semiconductor wafer and an epitaxial layer 

35 grown thereon, and a method of manufacturing the 
same. 

According to an aspect of the present invention, 
there are provided: 

40 1 ) a method of manufacturing a semiconductor wa- 
fer which has a dopant evaporation preventive film 
formed on one of main surfaces thereof, wherein a 
film serving as the dopant evaporation preventive 
film is formed on the one of the main surfaces by a 

45 plasma CVD method; 

2) a method of manufacturing a semiconductor wa- 
fer in which a dopant evaporation preventive film is 
formed on one of main surfaces and a semiconduc- 
tor thin film is formed on the other main surface by 

50 epitaxial growth, wherein a film serving as the do- 
pant evaporation preventive film is formed on the 
one of the main surfaces by a plasma CVD method, 
and the semiconductor wafer is subject to heat 
treatment at a temperature lower than a tempera- 

55 ture at which the epitaxial growth of the semicon- 
ductor thin film is carried out; 

3) a method of manufacturing a semiconductor wa- 
fer in which a dopant evaporation preventive film is 
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formed on one of main surfaces, wherein in that a 
film serving as the dopant evaporation preventive 
film is formed on the one of the main surfaces by a 
plasma CVD method, and the other main surface is 
then polished; and s 

4) a method of manufacturing a semiconductor wa- 
fer in which a dopant evaporation preventive film is 
formed on one of main surfaces and a semiconduc- 
tor thin film is formed on the other main surface by 
epitaxial growth, wherein a film serving as the do- 10 
pant evaporation preventive film is formed on the 
one of the main surfaces by a plasma CVD method, 

the semiconductor wafer is subject to heat treat- 
ment at a temperature lower than a temperature at 
which the expitaxial growth of the semiconductor is 
thin film is carried out, and the other main surface 
is then polished. 

Preferably, the dopant evaporation preventive film 
is selected from a group consisting of silicon oxide film, zo 
silicon nitride film and silicon oxynitride film. 

Preferably, the dopant evaporation preventive film 
is formed such that a stress between the dopant evap- 
oration preventive film and the semiconductor wafer be- 
comes equal to or less than 1x1 0 7 dyne/cm 2 . 2S 

According to the above-described aspect of the 
present invention, it is possible to provide a semicon- 
ductor wafer having a dopant evaporation preventive 
film on the back surface of the wafer, in which the stress 
acting to the wafer and resultant warpage of the wafer 30 
can be decreased even when the wafer has a large di- 
ameter, while maintaining a uniform thickness distribu- 
tion, a uniform resistivity distribution and a narrow tran- 
sition width of an epitaxial layer grown on the semicon- 
ductor wafer, and in which the front surface of the sem- 35 
iconductor wafer can have an excellent flatness without 
requiring an extra process. 

Another aspect of the present invention, there are 
provided the following methods of manufacturing a sem- 
iconductor wafer: 40 

5) a method of manufacturing a semiconductor wa- 
fer having a plasma CVD film on one of main sur- 
faces, wherein the plasma CVD film is formed on 

the one of the main surfaces of the semiconductor 45 
wafer so that a stress between the plasma CVD film 
and the semiconductor wafer falls in a range of 
1 x 1 0 8 - 1 x 1 0 9 dyne/cm 2 ; and 

6) a method of manufacturing a semiconductor wa- 
fer having a plasma CVD film on one of main sur- so 
faces, wherein the plasma CVD film is formed on 

the one of the main surfaces of the semiconductor 
wafer, and the semiconductor wafer is then subject- 
ed to heat treatment so that a stress between the 
plasma CVD film and the semiconductor wafer falls ss 
in a range of 1X10 8 - 1X10 9 dyne/cm 2 . 

The other main surface ol the semiconductor wafer 



on which the plasma CVD film has not been formed is 
generally polished after the formation of the plasma 
CVD film or after the heat treatment of the semiconduc- 
tor wafer. In the method of the present aspect, however, 
the plasma CVD film may be formed on the one of the 
main surfaces after the other main surface has been mir- 
ror-polished. 

Preferably, the plasma CVD film is selected from a 
group consisting of silicon oxide film, silicon nitride film 
and silicon oxynitride film, because these films have ex- 
cellent autodoping preventing effects, and their source 
gases are generally available. 

According to the aspect of the present invention, it 
is possible to provide a semiconductor wafer which has 
an excellently persistent gettering capability and an au- 
todoping preventive capability and a small stress acting 
thereon with a resultant small warpage thereof. 

According to another aspect of the present inven- 
tion, there are provided a semiconductor wafer manu- 
factured by one of the above-described method, and a 
semiconductor epitaxial wafer manufactured by one of 
the above-described method in which a semiconductor 
thin film is formed by epitaxial growth, on the other main 
surface of the semiconductor wafer on which the plasma 
CVD film is not formed. 

According to still another aspect of the present in- 
vention, there is provided a method of manufacturing a 
semiconductor epitaxial wafer, wherein a plasma CVD 
film is formed on one of main surfaces of a semiconduc- 
tor wafer, and a semiconductor thin film is formed by epi- 
taxial growth, on the other main surface on which the 
plasma CVD film is not formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A - 1C are schematic diagrams showing a 
method of manufacturing a semiconductor wafer 
according to the present invention; 
FIG. 1 D is a schematic diagram showing an epitax- 
ial wafer manufactured using the semiconductor 
wafer shown in FIG. 1C; 

FIGS. 2A - 2D are schematic diagram showing an- 
other method of manufacturing a semiconductor 
wafer according to the present invention, wherein 
the portion above a broken line in FIG. 2D indicates 
a portion to be removed by mirror polishing; and 
FIGS. 3A - 3D are schematic diagram showing a 
method of manufacturing a silicon epitaxial wafer 
according to the present invention, wherein the por- 
tion above a broken line in FIG. 3C indicates a por- 
tion to be removed by mirror polishing. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Embodiments of the present invention will now be 
described with reference to the drawings. 
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First Embodiment: 

First, a semiconductor wafer 1 manufactured by a 
known method is prepared as shown in FIG. 1 A. For this 
semiconductor wafer, a chemically-etched wafer that 
has not yet been subjected to mirror-polishing is normal- 
ly used, but a polished wafer having one or both of the 
main surfaces thereof mirror polished. 

Subsequently, as shown in FIG. 1 B, a plasma CVD 
film 2 is deposited on one of the main surfaces of the 
thus-prepared semiconductor wafer by using a parallel- 
plate-type plasma CVD system. Although the kind of 
plasma CVD film to be deposited on the wafer is not lim- 
ited, silicon oxide film, silicon nitride film or silicon ox- 
ynitride film is suitable because these films can be 
formed by using gases of generally avairable. 

The deposition conditions are controlled such that 
the deposition temperature falls within the range of 300 
- 450°C, the deposition pressure falls within the range 
of 1 - 1 0 torr, and the deposition film thickness falls within 
the range of 100 - 500 nm, and so that the stress of the 
plasma CVD film applied to the semiconductor wafer 
preferably becomes equal to or less than 1 X10 7 dyne/ 
cm 2 . The magnitude of the stress can be measured in 
a non-destructive manner by use of a commercially 
available laser Raman spectrophotometer, which 
projects a laser beam onto the plasma CVD film. 

After the deposition of the plasma CVD film, as 
shown in FIG. 1C, the other main surface opposite to 
the surface on which the plasma CVD has been depos- 
ited is mirror-polished, whereby a desired semiconduc- 
tor wafer having an autodoping preventive film can be 
obtained. Since the plasma CVD film deposited on the 
surface can be polished off at a much higher speed as 
compared to the case where a thermal oxide film or an 
atmospheric pressure CVD oxide film is polished, the 
plasma CVD film can be easily removed by mirror pol- 
ishing. Consequently, the flatness of the semiconductor 
wafer can be maintained. 

In the case where the surface opposite to the sur- 
face on which a plasma CVD film is to be deposited has 
been mirror-finished, a subsequent polishing process 
can be omitted if the plasma CVD is prevented from de- 
positing on the mirror-finished surface. 

Moreover, as shown in FIG. 1D, an epitaxial layer 3 
is grown on the semiconductor wafer obtained through 
the above-described steps, at a low temperature equal 
to or less than 1000°C and by use of a commercially 
available epitaxial reactor, so that a desired epitaxial wa- 
fer with a slight warpage can be obtained. 

When the wafer on which the plasma CVD has been 
deposited is heat treated, before the mirror-polishing 
step, at a temperature lower than the temperature of the 
subsequently-performed epitaxial growth, the plasma 
CVD film is baked and hardened, so that a protective 
film having a higher autodoping preventive capability 
can be obtained. The reason why the heat treatment 
temperature is set to a temperature lower than the ex- 



pitaxial growth temperature is to reduce the stress 
caused by the hardened plasma CVD film onto the sem- 
iconductor wafer. 

5 Example 1: 

Three kinds of silicon wafers were prepared from a 
silicon ingot manufactured by the Czochralski method 
(each wafer had a diameter of 200 mm, a {100} main 
10 surface, a thickness of 750 jam, a p-type conductivity, 
and a resistivity of 0.01 Q-cm). Plasma CVD films (either 
silicon oxide film, silicon nitride film or silicon oxynitride 
film) were deposited on each of the first main surface of 
the wafers by use of a plasma CVD reactor using radio- 
es frequency of 13.56 MHz (Concept-One, product of 
Novellus Systems Inc.). 

When a silicon oxide film was formed as a plasma 
CVD film, monosilane and nitrous oxide were supplied 
as source materials to a plasma reaction chamber while 
nitrogen was used as a carrier gas, and the silicon oxide 
film was deposited until its thickness reached 500 nm at 
a growth temperature of 425°C and a growth pressure 
of 3 torr. At this time, a high Irequency power of 700 W 
was supplied to an upper plate located above a wafer 
in the plasma reaction chamber, while a low frequency 
power of 300 W was supplied to a lower plate located 
below the wafer, so that the stress of the silicon oxide 
film applied to the wafer became equal to or less than 
1X10 7 dyne/cm 2 . 

When a silicon nitride film was formed as a plasma 
CVD film, monosilane and ammonia were used as 
source materials. The formation of the silicon nitride film 
was carried out under the same conditions as for the 
silicon oxide film until the thickness reached 100 nm so 
that the stress of the silicon nitride film applied to the 
wafer became equal to or less than 1X10 7 dyne/cm 2 . 

When a silicon oxynitride film was formed as a plas- 
ma CVD film, monosilane, nitrous oxide, and ammonia 
were used as source materials. The formation of the sil- 
icon oxynitride film was carried out under the same con- 
ditions as for the silicon oxide film until the thickness 
reached 300 nm so that the stress of the silicon oxyni- 
tride film applied to the wafer became equal to or less 
than 1 x 1 0 7 dyne/cm 2 . 

The thus-obtained wafers of the three kinds were 
observed to have little warpage when the stress acting 
thereon was equal to or less than 1X10 7 dyne/cm 2 . 

Subsequently, the second surface of each waferop- 
posite to the first surface on which the plasma CVD was 
deposited was polished, and an epitaxial film having a 
thickness of 4 u,m was grown at low-temperature of 
800°C. I n each of the cases where any kinds of the plas- 
ma CVD films above-mentioned were formed, the resis- 
tivity distribution of the silicon epitaxial layer within the 
wafer surface was equal to or less than +5%. The tran- 
sition width of the silicon epitaxial layer became equal 
to or less than the half of that of an epitaxial layer de- 
posited at 1 1 00°C. This occurred because dopant in the 
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silicon wafer was prevented from evaporating at the 
back surface of the wafer not to cause autodoping, and 
the sold-phase diffusion of the dopant into the epitaxial 
layer was decreased. The amount of an increase in the 
warpage of the wafer after the formation of the epitaxial s 
layer compared to the warpage before the formation of 
the epitaxial layer was as low as 5 u.m or less. 

The resistivity was measured at nine points within 
the wafer surf ace, and the resistivity distribution was cal- 
culated in accordance with the following equation: io 

Resistivity distribution (%) = ±(M-m)/(M+m) 

where M is the maximum value of the measured resis- is 
tivity, and m is the minimum value of the measured re- 
sistivity. 

Second Embodiment: 

20 

First, a semiconductor wafer 4 manufactured by a 
known method is prepared as shown in FIG. 2A. For this 
semiconductor wafer, a chemically-etched wafer that 
has not yet been subjected to mirror-polishing is gener- 
ally used. However, a polished wafer having one main 2S 
surface or both main surfaces thereof mirror polished 
may be used. 

Subsequently, as shown in FIG. 2B, a plasma CVD 
film 5 is deposited on one of main surfaces of the thus- 
prepared semiconductor wafer by use of a parallel- 30 
plate-type plasma CVD reactor so that the stress of the 
plasma CVD film applied to the semiconductor wafer 
falls within a range of 1X10 8 -1 X10 9 dyne/cm 2 . 

The reason why the plasma CVD film 5 is deposited 
so that the stress acting to the semiconductor wafer falls 35 
within the range of 1 x 1 0 8 - 1 x 1 0 9 dyne/cm 2 is that such 
stress creates strained layer which captures impurities 
such as metals, thereby serving as a gettering layer. 
When the stress is less than 1X10 8 dyne/cm 2 , sufficient 
gettering capability cannot be obtained. When the stress 40 
is greater than 1 x 1 0 9 dyne/cm 2 the warpage of the wa- 
fer increases. The magnitude of the stress can be meas- 
ured in a non-destructive manner by use of a commer- 
cially available laser Raman spectrophotometer, which 
projects a laser beam onto the plasma CVD film. 45 

Although there is no limitation on the kind of plasma 
CVD film to be deposited on the wafer, silicon oxide film, 
silicon nitride film or silicon oxynitride film is suitable be- 
cause these films have an autodoping preventive capa- 
bility and can be formed by use of generally available so 
gasses. 

The deposition of the plasma CVD film is usually 
performed such that the deposition temperature falls 
within a range of 300 - 450°C, the deposition pressure 
falls within a range of 1 - 10 torr, and the deposition film ss 
thickness falls within a range of 100 - 500 nm. Within 
these ranges, the deposition conditions are controlled 
so that the stress which the plasma CVD film applies to 
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the semiconductor wafer falls within a range of 1 X1 0 8 - 
1X10 9 dyne/cm 2 . 

Alternatively, after the deposition of the plasma 
CVD film 2, the silicon wafer may be subjected to heat 
treatment so that the stress acting between the plasma 
CVD film and the semiconductor wafer falls within a 
range of 1X10 8 - 1X10 9 dyne/cm 2 thereby forming a 
strained layer 6 as shown in FIG. 2C. 

Even when the thus-formed plasma CVD film un- 
dergoes heat treatment during fabrication of semicon- 
ductor devices, the stress acting to the semiconductor 
wafer does not decrease but rather increase slightly, so 
that the gettering capability does not decrease. 

After the deposition of the plasma CVD film or after 
heat treatment, the other main surface opposite to the 
main surface on which the plasma CVD has been de- 
posited is mirror-polished, whereby there can be ob- 
tained a desired semiconductor wafer which has an ex- 
cellently persistent gettering capability, an autodoping 
preventive capability and small stress acting to the wafer 
with a resultant small warpage thereof (see FIG. 2D). 
Since the plasma CVD film deposited on the surface can 
be polished off at much higher speed as compared to 
the case where a thermal oxide film or an atmospheric 
pressure CVD oxide film is polished, the plasma CVD 
film can be easily removed by mirror polishing. Conse- 
quently, the flatness of the semiconductor wafer can be 
maintained. 

In the case where the surface opposite to the sur- 
face on which a plasma CVD film is to be deposited has 
been mirror-finished, a subsequent polishing process 
can be omitted if the plasma CVD is prevented from de- 
positing on the mirror-finished surface. 

Moreover, an epitaxial layer may be grown on the 
semiconductor wafer obtained through the above-de- 
scribed steps by use of a commercially available epitax- 
ial reactor, so that there can be obtained a desired epi- 
taxial wafer which has an excellently persistent gettering 
capability, an autodoping preventive capability, and a 
small stress acting to the wafer with a resultant small 
warpage thereof. 

The epitaxial growth process may be used as a re- 
placement of heat treatment given to the semiconductor 
wafer on which the plasma CVD film is deposited. That 
is, a semiconductor wafer 4 is prepared as shown in FIG. 
3A, and a plasma CVD film 5 is deposited on the first 
main surface of the semiconductor wafer 4, as shown 
in FIG. 3B. Subsequently, the second main surface of 
the semiconductor wafer 4 opposite the first main sur- 
face on which the plasma CVD film 5 has been depos- 
ited is mirror polished, as shown in FIG. 3C. After that, 
an epitaxial layer 7 is grown on the mirror-polished sec- 
ond main surface. The epitaxial growth is conducted at 
a temperature in a range of 800 - 1200°, whereby the 
stress which the plasma CVD film applies to the semi- 
conductor wafer falls within a range of 1X10 8 - 1 X10 9 
dyne/cm 2 . As a result, the portions that receive the 
stress form a strained layer 6, as shown in FIG. 3D. 
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Example 2: 

Four kinds of silicon wafers were prepared from a 
silicon ingot manufactured by the Czochralski method 
(each wafer had a diameter of 150 mm, a {100} main s 
surface, a thickness of 630 urn, a p-type conductivity, 
and a resistivity of 0.01 Q-cm). Silicon oxide film, silicon 
nitride film or silicon oxynitride film were respectively de- 
posited, as a plasma CVD film, on the first main surfaces 
of three kinds of wafers by use of a plasma CVD reactor io 
using radio-frequency of 13.56 MHz(Concept-One, 
product of Novellus Systems Inc.). The remaining one 
kind of wafer was used as it was without forming the 
plasma CVD film. 

When a silicon oxide film was formed as a plasma is 
CVD film, monosilane and nitrous oxide were supplied 
as source materials to a plasma reaction chamber while 
nitrogen was used as a carrier gas, and the silicon oxide 
film was deposited until its thickness reached 500 nm at 
a growth temperature of 425°C and a growth pressure 20 
of 3 torr. At this time, a high frequency power of 700 W 
was supplied to an upper plate located above a wafer 
in the plasma reaction chamber, while a low frequency 
power of 300 W was supplied to a lower plate located 
below the wafer, so that the stress of the silicon oxide 2s 
film applied to the wafer became equal to 1 X10 8 dyne/ 
cm 2 . 

When a silicon nitride film was formed as a plasma 
CVD film, monosilane and ammonia were used as 
source materials. The formation of the silicon nitride film 30 
was carried out under the same conditions as for the 
silicon oxide film until the thickness reached 100 nm so 
that the stress ol the silicon nitride film applied to the 
wafer became equal to 1 X10 8 dyne/cm 2 . 

When a silicon oxynitride film was formed as a plas- 35 
ma CVD film, monosilane, nitrous oxide and ammonia 
were used as source materials. The formation of the sil- 
icon oxynitride film was carried out under the same con- 
ditions as for the silicon oxide film until the thickness 
reached 300 nm so that the stress of the silicon oxyni- 40 
tride film applied to the wafer became equal to 1X10 8 
dyne/cm 2 . 

The thus-obtained wafers of three kinds had warp- 
ages not greater than 3 p.m when the stress acting ther- 
eon was 1 X 1 0 8 dyne/cm 2 . 45 

Subsequently, the second surface of each wafer op- 
posite to the first surface on which the plasma CVD was 
deposited was polished, and an epitaxial film having a 
thickness of 5 u,m was grown at 1100°C. In each of the 
cases where any kinds of the plasma CVD films above- so 
mentioned were formed, the resistivity distribution of the 
silicon epitaxial layer within the wafer surface was equal 
to or less than ±5%. The transition width of the silicon 
epitaxial layer became about half of that of an epitaxial 
layer deposited on a wafer having no plasma CVD film. 55 

The resistivity was measured at nine points within 
the wafer surface, and the resistivity distribution was cal- 
culated in accordance with the following equation: 



Resistivity distribution (%) = ±(M-m) / (M+m) 

where M is the maximum value of the measured resis- 
tivity, and m is the minimum value of the measured re- 
sistivity. 

Measurement about the gettering capability was 
performed as follows. An iron-containing solution was 
applied to the surface of each of four kinds of wafers 
that were manufactured under the same conditions as 
above-described, so that the thus-coated surface of 
each silicon wafer was intentionally contaminated. 
Thereafter, the silicon wafers were subjected to heat 
treatment at a temperature of 1000°C for one hour, so 
that iron was diffused into the silicon wafers. Subse- 
quently, the silicon wafers were further subjected to heat 
treatment at a temperature of 650°C for ten hours. Then, 
the concentration of iron in each silicon wafer with ex- 
clusion of the plasma CVD film was measured. 

By using the concentration of iron in the silicon wa- 
fer having no plasma CVD film as a reference, a ratio of 
iron captured by the plasma CVD film was calculated 
from a measurement value of the iron concentration. 
Thus-calculated ratio was used as a gettering capability. 
The results revealed that the gettering capability of the 
semiconductor wafer on which a plasma CVD film was 
formed according to the present invention was 93 - 96%. 

As is evident from the test result, the semiconductor 
wafer on which a plasma CVD film was formed accord- 
ing to the present invention had an excellently persistent 
gettering capability and an autodoping preventive capa- 
bility. 

Moreover, the amount of an increase in the warpage 
of the wafer after the formation of the epitaxial layer 
compared to the warpage before the formation of the 
epitaxial layer was as low as 5 jum or less. This demon- 
strates that the semiconductor wafer on which a plasma 
CVD film was formed according to the present invention 
had a reduced warpage. 

The present invention is not limited to the above- 
described embodiment. The above-described embodi- 
ment is a mere example, and those having the substan- 
tially same structure as that described in the appended 
claims and providing the similar action and effects are 
included in the scope of the present invention. 



Claims 

1. A method of manufacturing a semiconductor wafer 
which has a dopant evaporation preventive film 
formed on one of main surfaces thereof, character- 
ized in that a plasma CVD film 2 serving as the do- 
pant evaporation preventive film is formed on the 
one of the main surfaces by a plasma CVD method. 

2. A method of manufacturing a semiconductor wafer 
in which a dopant evaporation preventive film is 
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formed on one of main surfaces and a semiconduc- 
tor thin film is formed on the other main surface by 
epitaxial growth, characterized in that a plasma 
CVD film 2 serving as the dopant evaporation pre- 
ventive film is formed on the one of the main sur- s 
faces by a plasma CVD method, and the semicon- 
ductor wafer is subject to heat treatment at a tem- 
perature lower than a temperature at which the ex- 
pitaxial growth of the semiconductor thin film is car- 
ried out. 10 

3. A method of manufacturing a semiconductor wafer 
in which a dopant evaporation preventive film is 
formed on one of main surfaces, characterized in 
that a plasma CVD film 2 serving as the dopant is 
evaporation preventive film is formed on the one of 

the main surfaces by a plasma CVD method, and 
the other main surface is then polished. 

4. A method of manufacturing a semiconductor wafer 20 
in which a dopant evaporation preventive film is 
formed on one of the main surfaces and a semicon- 
ductor thin film is formed on the other main surface 

by epitaxial growth, characterized in that a plasma 
CVD film 5 serving as the dopant evaporation pre- 2s 
ventive film is formed on the one of the main sur- 
faces by a plasma CVD method, the semiconductor 
wafer is subject to heat treatment at a temperature 
lower than a temperature at which the expitaxial 
growth of the semiconductor thin film 7 is carried 30 
out, and the other main surface is then polished. 

5. A method of manufacturing a semiconductor wafer 
according to any one of Claims 1-4, characterized 

in that the plasma CVD film 5 is formed so that a 3S 
stress between the plasma CVD film 5 and the sem- 
iconductor wafer 4 becomes equal to or less than 
1X10 7 dyne/cm 2 . 

6. A method of manufacturing a semiconductor wafer 40 
having a plasma CVD film 5 on one of main surfac- 
es, characterized in that the plasma CVD film 5 is 
formed on the one of the main surface of the sem- 
iconductor wafer 4 so that a stress between the 
plasma CVD film 5 and the semiconductor wafer 4 *s 
falls in a range of 1 xio 8 - 1 xiO 9 dyne/cm 2 . 

7. A method of manufacturing a semiconductor wafer 
according to Claim 6, characterized in that the other 
main surface of the semiconductor wafer 4 on which so 
the plasma CVD film 5 has not been formed is pol- 
ished after the formation of the plasma CVD film 5. 

8. A method of manufacturing a semiconductor wafer 
according to Claim 6, characterized in that the plas- ss 
ma CVD film 5 is formed on one of main surfaces 

of the wafer 4 after at least the other main surface 
has been mirror-polished. 
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9. A method of manufacturing a semiconductor wafer 
having a plasma CVD film on one of main surfaces, 
characterized in that the plasma CVD film 5 is 
formed on the one of the main surfaces of the sem- 
iconductor wafer 4, and the semiconductor wafer is 
then subjected to heat treatment so that a stress 
between the plasma CVD film 5 and the semicon- 
ductor wafer 4 falls in a range of 1X10 8 - 1X10 9 
dyne/cm 2 . 

10. A method of manufacturing a semiconductor wafer 
according to Claim 9, characterized in that the other 
main surface of the semiconductor wafer 4 on which 
the plasma CVD film 5 has not been formed is pol- 
ished after the semiconductor wafer is subjected to 
heat treatment. 

11. A method of manufacturing a semiconductor wafer 
according to Claim 9, characterized in that the plas- 
ma CVD film 5 is formed on one of the main surfaces 
of the wafer after at least the other main surface has 
been mirror-polished. 

12. A method of manufacturing a semiconductor wafer 
according to any one of Claims 1-11, characterized 
in that the plasma CVD film 5 is selected from a 
group consisting of silicon oxide film, silicon nitride 
film, and silicon oxynitride film. 

13. A semiconductor wafer manufactured by the meth- 
od described in any one of Claims 1 - 11 . 

14. A semiconductor epitaxial wafer in which a semi- 
conductor thin film 7 is formed by epitaxial growth, 
on one of main surfaces of the semiconductor wafer 
4 manufactured by the method described in any one 
of Claims 1 - 11 , wherein the plasma CVD film 5 is 
not formed on the one of the main surfaces. 

1 5. A method of manufacturing a semiconductor epitax- 
ial wafer, characterized in that a plasma CVD film 5 
is formed on one of main surfaces of a semiconduc- 
tor wafer, and a semiconductor thin film 7 is formed 
by epitaxial growth, on the other main surface on 
which the plasma CVD film 5 is not formed. 
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2. Claims: Claims 2, 4, 14, 15 
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steps of heating, polishing, and semiconductor "epitaxial 
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